This study was conducted to compare localization of transformed or differentiated cells after injection into developing chick embryos. Mesoderm-derived chicken embryonic fibroblasts (CEFs), retrieved from normal tissues and artificially transformed human embryonic kidney (HEK) 293 cells, were injected into the dorsal aorta of stage 17 embryos, incubated for 60 h, and post-injection survival and tissue localization after injection were monitored. Overall survival rates were 43% to 57%, and there was no significant difference between the two cell types (P=0.4453). Migration into various tissues was observed after injection of the HEK 293 cells, and this was greatly reduced after CEF transfer (P＜0.0127). Tumorigenic activity was detected in the HEK 293 transferred cells and the major organ colonized was the highly vascularized yolk sac. From these results, we suggest that cell transformation alters post-injected migration activity of cells at organogenesis. (J Cancer Prev 2014;19:68-73) 
INTRODUCTION
As they are easily accessible and feasible, being derived from an in vitro-like in vivo system, avian species have become one of the major model animal systems. 1 The developing chick embryo is one of the most powerful models for investigation of cell plasticity and their properties in organogenesis, and various models of xenotransplantation, development, immunity and even oncogenesis have been suggested. [2] [3] [4] [5] [6] [7] [8] [9] These models continue to contribute to the expanding industrial applications of chick embryos in bioreactors, as well as to clarifying developmental events. [10] [11] [12] [13] [14] [15] In this study, we monitored the migration activity of cells ac.uk).
Injection and screening of GFP-expressing HEK 293 cells in chicken embryos
GFP-expressing HEK 293 cells ( 1×10 5 ) were injected into the dorsal aorta of stage 17 recipient embryos, and incubated for 60 h. A small window was opened at the pointed end of recipient eggs, and a 2 μl aliquot containing the donor cells was injected into the dorsal aorta using a micropipette. Each window was sealed with paraffin film after injection, and the injected eggs were incubated pointed-end down, until screened for development and cell migration. As a control, GFP-expressing chicken embryonic fibroblasts (CEFs) were injected into the same number of eggs.
Cytological examination and histochemical staining
Cytological examination to detect GFP-expressing neoplasms in the recipient chicks was carried out using a into primarily the brain, eye, heart, kidney and intestine on day 7 ( Fig. 2A) . In contrast, the migration activity of CEFs was less marked than that of HEK 293 cells (Fig. 2B) . The injected HEK 293 cells localized as colonized neoplasms as well as single cells (Fig. 2) . On day 14 of embryonic development, the localization and distribution patterns of the donor HEK 293 cells were similar to those on day 7 after injection ( Figs 2C-E) . Interestingly, the GFP-positive colonized neoplasms were much larger ( Figs 2D-E) . However, in chick embryos injected with GFP-expressing CEFs, GFP-positive cells were generally not detected, except in the heads of two embryos at day 7, where they were sporadically distributed rather than forming colonies.
At the time of hatching, the majority of tumors localized in the yolk sac (Fig. 3A) , but many single and colonized GFP-expressing cells were also present in the neck, head, eye, and intestine (Fig. 3B) . GFP-positive tumor tissue was found in the abdominal cavity located close to the testis and kidney (Fig. 3B) . Colonies of injected HEK 293 cells were detected in all injected embryos between days 7 to 21 ( Table 1) . GFP-positive colonies were observed in the abdominal cavity of chick embryos at all developmental stages (Table 1) . GFP-expressing CEFs were not detected in the recipient embryonic tissues after 7 days (Table 1) . However, careful monitoring of the process to detect tumorigenic activity should be carried out to increase the efficiency and feasibility of development of a new model.
Histochemical
Although physiological and developmental differences exist between humans and birds, avian species-such as chickens and quail-are considered appropriate for investigation of human diseases. The chicken has many advantages as a model animal. 1, 6, 7 Compared to mammals, the fertilized chicken embryo develops in an egg that is independent of the maternal environment, enabling manipulation of embryos during any developmental stage. The chicken embryo model is regulated by a complex network of processes. The greatest benefit of a chicken embryo model is that the effects of a particular drug treatment can be observed without any external influences. 1, 6, 7 Injection system of cancer cells into chick embryos and an in vivo model will enable determination of the external environmental factors and internal processes that regulate, trigger, and can halt tumorigenesis.
